Objective: Emerging evidence suggests that interleukin 37 (IL-37) plays an important role in the pathogenesis of several autoimmune diseases (ADs), but the correlations are still unclear. We conducted a meta-analysis to explore whether IL-37 gene (rs3811047) polymorphism was associated with susceptibility to multiple ADs in a Chinese population.
Introduction
Autoimmune diseases (ADs) are a heterogeneous group of complex disorders with a clinical manifestation of a broken immune tolerance, and intermittent inflammation, which leads to the immune system produces antibodies against the body's own tissues. [1] Although the onset of ADs is not fully known so far, it is confirmed that the diseases are caused by interactions between genetic and environmental factors. [2] Furthermore, these diseases share some characteristics that suggest common etiologic mechanisms or pathways. This hypothesis is strengthened by some genetic association studies and meta-analysis in patients with ADs in different populations. [3] [4] [5] Interleukin (IL)-37, formerly named as IL-1 family member 7 (IL-1F7), is an anti-inflammatory cytokine that suppresses the innate inflammatory and immune responses. [6, 7] Evidence shows that IL-37 plays a protective role in inflammatory and ADs in animal models via inhibition of the generation of proinflammatory cytokines and the activation of macrophage and dendritic cells (DCs). [8] Recently, several studies have shown that the expression of IL-37 was abnormal in ADs, such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), ankylosing spondylitis (AS), Graves disease (GD), inflammatory bowel disease (IBD), and psoriasis. [9] [10] [11] Furthermore, the functional analysis indicated that IL-37 is negatively involved in the development and pathogenesis of these autoimmune disorders. [12] The IL1 gene cluster is located on chromosome 2q12-13 and spans a 360-kb region, including the following IL1-related genes:  IL1A, IL1B, IL1F5, IL1F6, IL1F7 (IL-37), IL1F8, IL1F9,  IL1F10 , and IL1RN. [13] Recently, many genetic studies have demonstrated that IL37 gene SNP rs3811047 G>A is related to the susceptibility to ADs, such as AS, disease activity of RA, and gastric cardiac adenocarcinoma; however, the results were controversial and inconsistent. [14] [15] [16] [17] [18] This discrepancy is perhaps because of small sample sizes with lack of statistical power in most studies, and/or clinical heterogeneity. Therefore, a metaanalysis of published case-control studies was undertaken to precisely evaluate whether the IL37 gene SNP rs3811047 G>A polymorphism is associated with the risk of ADs. Meanwhile, heterogeneity, stability of results, and publication bias were carefully analyzed in this study.
Methods

Eligible studies search
We execute a comprehensive article search in the following databases: PubMed, EMBASE, Chinese National Knowledge Infrastructure, and Chinese Wanfang, with search time range from the register to August 31, 2017. The following combination of keywords was used: "polymorphisms or variants," "IL-1F7 or IL -1 family member 7 or IL-37 or interleukin 37 or rs3811047," and "autoimmune diseases." References of potential articles were also manually screened to identify additional studies not indexed in these referred databases.
Inclusion and exclusion criteria
To acquire valid articles we needed, some inclusion and exclusion criteria were established. Inclusion criteria were as follows: focus on the association of rs3811047 with ADs risk; study design was a case-control study; and genotype distributions or allele counts were available to calculate an OR and its 95% CI. Studies involving larger samples or published more recently were selected in cases of repeated studies or overlapping data. If the reported data were incomplete, the corresponding author was contacted to obtain complete data. Exclusion criteria were as follows: reviews, comments, abstracts, and genotype only in cases; genotype distribution in controls that deviated from HardyWeinberg disequilibrium (HWE); and repeated publication.
Quality score assessment
The quality of all included studies was evaluated independently using the Newcastle-Ottawa scale, which constituted of 3 aspects such as selection, comparability, and exposure with a maximum score of 9. [19] A total of scores of each study in 3, 4 to 6, ≥7 was considered as low, medium, and high-quality study, respectively. If there was discrepancy in the process of evaluation, a third investigator would adjust in the ultimate.
Data extraction
After we identified all eligible studies and finished the quality evaluation of each study, 2 investigators independently and carefully extract the following information from all eligible studies: name of the first author; publication year; ethnicity of population; sample size of cases and controls, results of the HWE test; and genotype distribution in cases and controls. Any discrepancies in the information of extraction were resolved by discussing with our research team until a consensus was reached between the 2 investigators.
Statistical analysis
The pooled odds ratios (ORs) and its 95% confidence intervals (95% CIs) were calculated to assess the strength of association between the rs3811047 and ADs risk using all 4 genetic models: allelic model (A vs G), recessive model (AA + AG vs GG), dominant model (AA vs AG + GG), and homozygous model (AA vs GG).
Heterogeneity across all eligible studies was assessed using Qtest, and P < .10 indicated that heterogeneity existed evidently among all studies. [20] According to the heterogeneity among different comparisons, the fixed effects model results on MantelHaenszel method (P ≥ .10) or the random effects model results on DerSimonian-Laird method (P < .10) were adopted. [21] Heterogeneity was also quantified by the I 2 test; the values of I 2 in 0% to 25%, 26% to 50%, and 50% to 100% were considered as lower, moderate, and high heterogeneity, respectively.
The potential publication bias was assessed by the Begg funnel plot and the Egger linear regression test. [22, 23] Sensitive analysis by omitting study one by one was performed to evaluate which study has a significant impact on the stability of results.
The 2-sided P value of less than .05 was considered statistically significant. All statistical analyses were performed using STATA version 12.0 software (STATA Corporation, College Station, TX).
Ethnic statement
The meta-analysis was based on previous published studies; thus, no ethical approval and patient consent are required.
Results
Characteristics of eligible studies
The specific process of studies selection according to PRISMA 2009 flow diagram is shown in Fig. 1 . First, a total of 104 articles were obtained from databases. After we screened the titles and abstracts, 20 duplicates were removed from retrieval, and another 77 studies were removed due to irrelevant topics (not about ADs or IL-37 gene) and reviews, meta-analysis, and animal study. Then, the full-text of the rest of 7 studies were downloaded for reading carefully; we removed 1 study due to insufficient data for calculating OR and 95% CI [24] ; 1 article contains 2 types of ADs and each one was considered as a separate study. [18] Finally, a total of 6 studies were included in this meta-analysis. All of the studies were of high quality (NOS score ≥7). The basic characteristics of these studies are summarized in Table 1 .
Meta-analysis of IL-37 rs3811047 polymorphism in ADs
A summary of meta-analysis findings concerning associations between the IL-37 rs3811047 polymorphism and ADs is provided in Table 2 . No cross-study heterogeneity was found in all genetic models, so that fixed-model results were adopted ultimately. A meta-analysis revealed a significant association between IL-37 gene (rs3811047 A [18] 
Publication bias and sensitive analysis
Begg and Egger tests were performed in all comparisons to detect publication bias. Begg funnel plots showed no evident asymmetry and Egger linear regression analysis did not reveal any evidence of publication bias in the meta-analysis (Table 2 and Fig. 3 ). Sensitive analysis by omitting 1 study at a time was performed to determine whether any single study had an impact on the overall meta-analysis estimate. Our results showed that omission of any individual study did not make a significant difference in the pooled effects, suggesting that our results of this meta-analysis were robust and reliable under all models (Fig. 4) .
Discussion
ADs are a group of complex diseases that has a strong link with a combination of genetic and environmental factors. The failure of the host immune system to recognize self-antigens often leads to the formation of auto-antibody, immune complex deposition, and immune-mediated tissue destruction. In the past years, several genome-wide association studies (GWAS) and pathway analyses share genes associated with multiple ADs and may suggest common mechanisms that lead to the development of ADs. [25, 26] IL-37 is a recently identified member of the IL-1 cytokine family and has received an increasing attention on the role of ADs. [6, 7] Genetic polymorphisms may affect the transcription of inflammatory cytokines and then further affect susceptibility to ADs. In recent years, many studies on the association of IL-37 polymorphism with ADs have been reported with inconsistent results. Chen et al [14] showed a significant difference in the distribution of IL-1F7 (rs3811047) genotypes and allele frequencies between AS patients and healthy controls. In addition, the positive rate of HLA-B27 in AS patients, which represented as AG genotype, was statistically lower than that in AS patients, which represented as GG genotype; erythrocyte sedimentation rate and C-reactive protein levels were conspicuously lower than that in GG genotype. Pei et al [15] and Shi et al [16] showed that the allele frequency and genotype distribution of rs3811047 in IL-1 F7 gene in RA (276 and 284 patients, respectively) and control groups was not statistically significant difference in the Chinese population. However, they found that RA patients with A allele were better than those with G allele in joint swelling index, rest pain, health assessment questionnaire (HAQ) score, and blood sedimentation. Yan et al [17] performed a case-control study with a relatively large sample size comprising 1061 autoimmune thyroid disease (AITD) patients and 939 controls showed that the rs3811047 A allele was significantly associated with a decreased risk of AITD. Tan et al [18] conducted a genetic association study including 419 VKH cases, 1063 BD cases, and 1872 healthy controls, and showed that the frequency of the A allele and AG genotype of rs3811047 was significantly lower in BD, but not in VKH, as compared with controls.
The above inconsistent results may due to the small number of samples and the corresponding low statistical power to detect a slight association. Meta-analysis is a quantitative, formal, epidemiological study design used to systematically assess previous research studies to derive conclusions about that body of research. [27] In the present study, we pooled individual study together, which comprised a total of 3161 patients with ADs and 4078 healthy controls in the Chinese population. The results of this meta-analysis provide evidence of associations between IL-37 gene (rs3811047A/G) polymorphism and susceptibility to ADs. No significant heterogeneity was detected in all genetic models, which indicated that studies of our synthesis were homogeneous. In addition, no publication bias was detected in all genetic models, and sensitive analysis showed no substantial change after 1 study was omitted at a time, indicating that the results of our meta-analysis were reliable. To our knowledge, this is the first comprehensive meta-analysis to investigate the association between IL-37 gene (rs3811047A/ G) polymorphism and susceptibility to ADs in the Chinese population. The strength of this study is that a large number of subjects was included with an increased statistical power. Nevertheless, there are several limitations in the present metaanalysis that should be taken into consideration. First, although the overall sample size is relatively large, the number of studies in different types of ADs is scanty, and lots of another AD were not included in the analysis, and this might cause insufficient representative for all ADs. Second, the studies for ethnicity were mainly from the Chinese population. Thus, the findings apply to only these populations, and further studies in other populations were required. Furthermore, the present meta-analysis was based on uncorrected estimates. A more precise analysis could be performed if the potential confounding factors including sex, age, environmental factors, and other lifestyle factors were available. Further, the effects of gene-environment interactions on the initiation and development of ADs need to be analyzed further in individual patients.
In summary, this meta-analysis demonstrates that IL-37 (rs3811047) polymorphism contributes to the development of ADs in a Chinese population. Further studies with more sample size in other populations and other ADs are still needed to confirm this finding.
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